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CnPABKA 

PrKn «Hai4MOHanbHbiM mhcthtyt MHTejuieKTya/ibHoft co6cTBeHHocTM» KoMmeTa 
no npaBaM MHTenneioyajibHOM co6cTBeHHOc™ MuHMCTepcTBa racTnqmi Pecny6nnKM 
Ka3axdaH HacToamuM yAOCTOBepaeT, hto npwio>KeHHbie MaTepna/ibi HBrmiOTCJi 
TOMHbiM BOcnpon3BefleHneM nepBOHananbHoro onucaHMfl m cpopiviyjibi 3anBKM Ha 
Bbiflany npeABapnTe/ibHoro naieHTa h naiem-a Ha M3o6peTeHMe Ns 2003/1635.1, 
noflaHHoii b AeKa6pe MecaLie 01 aha 2003 roAa (01.12.2003) 

Ha3BaHMe M3o6peTeHMfl: Cnoco6 nonyneHUfl BOflopofla Ann 

BOCCTaHOBJieHMJl XMMMMeCKMX 3/ieMeHTOB 

3anBMTe/ib: BopwceHKo AneKcaHAP BacunbeBHH 

AeticTBMTejibHbie aBTopbi: BopuceHKO AneKcaHAP BacmibeBkm; 

rpnujuH AneKcew BacmibeBim 



yno/iHOMOMeHHbiii 3aBepnTb 
KonnK) 3aflBKn Ha M3o6peTeHne 




MFfK CO IB 3/00, C07B 31/00 



CnOCOB nOJIYHEHHJI BO^OPO^A RJW 
BOCCTAHOBJIEHHJI XHMHHECKHX 3JIEMEHTOB 

H3o6peTeHHe othochtch k ajieKTpoxHMHHecKHM cnoco6aM nojiyneHHH Bo^opo^a, 
npeOTa3HaHeHHoro juw BOccTaHOBjieHHH xhmhhcckhx 3JieMCHTOB, HanpHMep, H3 okch^ob, ao 
HefiTpajibHoro coctojihhji. 

H3BecTeH cnoco6 nojiyneHH* Bo^opoaa, BKJiiOHaioiijHH HarpeBaHMe sojxbi c ndjiyneHHeM 
napa, pa^HOJiHS ero non aeftcTBHeM 3HeprHH npo^yicTOB swepHofi peaiojHH, BbmejieHHe 
BOj^opozia H3 o6pa30BaBmeHC5i peaicuHOHHOH cmcch. Pa#HOJiH3 napa ocymecTBJiaioT npH 
. KOHTaKTHpoBaHHH ero c npoayKTaMH H^epHofi peaKUHH ^ejieHHH, CHHTe3a hjih cHHTe3a- 
ZiejieHHfl 5iAepHoro TomiHBa b aKTHBHOH 30He peaKTopa (a.c. CCCP N* 957525, kji. CO IB 3/00, 
1983). 

nojiyneHHe BO^opo^a no£ ^eftcTBHeM 3HeprHH npoayicroB jmepHOH peaKUHH ycjioncHaeT 
cnoco6. npH 3tom Heo6xo#HMO co6nicaeHHe oco6bdc ycjiOBHH jsjin 3amHTbi ot pa^HauHH. 

H3BecTeH cnoco6 nojiyneHHH BO^opcaa nyreM napoKHCJiopczmoH KOHBepcnn: 

Ochobhbimh peaiajHHMH 3Toro npcmecca ABjuiioTCfl 

2CH 4 + 0 2 <-+ 2CO + 4H 2 
CH 4 + H 2 0 <-> CO + 3H 2 

c nocjie^yiomeH KOHBepcHefi CO no peaKimn: CO + H 2 0 <->C0 2 + H 2 (IlIrmjiBpaHH 
3.3., MaiibiiueHKo CIL, KyjieuiOB FT. BBe^eHHe b BO^opOAHyio 3HepreraKy - M.: 
3 h e p ro aTO m h 3,zxaT , 1984, c. 33). 

Hcnojii>30BaHHe MeTaHa jura nojiyneHHH BO^opo^a noBBimaeT 3HepreTHMecKHe 3aTpaTbi 
cnoco6a. KpoMe Toro, #aHHbiH cnoco6 He no3BOjmeT nonynaTb aTOMapHbifi Bo^opcm. 

HaH6ojiee 6jih3khm k npconaraeMOMy H3o6peTeHHio hbjihctch cnoco6 nojiyneHHfl 
BO^opcaa nyTeM 3JieKTpoxHMHHecKoro pa3Jio>KeHH5i bo^bi npn no^ane pa3HGCTH noTCHUHajiOB 
Ha 3JieKTpo,abi (JIe6e,neB B.B. OH3HKo-xHMHHecKHe ochobm npoueccoB nojiyneHHfl BOtfopozia H3 
Bo^bi-M.: Hayka, 1969, c. 7). 

YKa3aHHbiH cnoco6 xapaKTepH3yeTC« 3HaHHTejibHbiMH 3HepreTHHecKHMH 3aTpaTaMH, a 
nojiyneHHbiH Boaopoa npH hibkhx TeMnepaTypax HMeeT HeaocTaTOHHO BbicoKyio aKTHBHOCTb. 

3a^aHeH H3o6peTeHH5i flBJiaeTCH pa3pa6oTKa cnoco6a nojiyneHHa aTOMapHoro Bo^opcaa 

JXJlfi BOCCTaHOBJieHHil XHMHHeCKHX 3J1CMCHTOB, HanpHMep, H3 HX OKCH^OB. : V ] 

noBbiixieHHe 3$(})eKTHBHOCTH BoccTaHOBJieHHH 3jieM(£Ht6jj h cHfikekife' 3Hepr63k^fiaT 
WCTHraeTca TeM, hto b cnoco6e nojiyneHHa Bo^opo^a w* BoccTaHOBJieHH* XHMHnecKHx 
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3JieMeHTOB, BKJuonaiomeM 3JieKTpoxHMHHecKoe pa3Jio^ceHHe bo^bi npH noaane pa3HOCTH 
noTeHUHanoB Ha 3JieKTpo^bi 5 o#hh H3 3JieKTpoaoB coctoht H3 ocHOBaHHa, CHa6>KeHHoro 
HrjiaMH, a /jpyrHM sjieicrpoaoM anyacHT noTOK bo^bi, npn 3tom Ha ozjhh H3 3JieicTpo,aoB no^aioT 
Hanp«>KeHHe 10 - 3000 kB, a apyrofi ajieicrpofl 3a3eMJi5iK>T. 

H3BeCTHO, HTO BO^OpOfl ABJIfleTCfl aKTHBHbIM BOCCTaHOBHTejieM H B 3TOM KaHeCTBe 
UIHpOKO HCnOJIL3yeTCH B XHMHH, MeTaJIJiyprHH H ^pyrHX OTpaCJIHX npOMBIUlJieHHOCTH. 

llpH bbicokhx TeMnepaTypax Bo^opo^ BoccTaHaBjiHBaeT, HanpHMep, aneayioiime 
3JieMeHTbi: 

Ge0 2 + 2H 2 = Ge + 2H 2 0 
W0 3 + 2H 2 = W + 3H 2 0 
SiHCl 3 + H 2 = Si + 3HC1 

BotfOpOa OC06eHHO aiCTHBCH KaK BOCCTaHOBHTeJIb B MOMeHT BbmejieHH^ H3 CBOHX 

coe/iHHeHHH, Koraa oh Haxo^HTCH b BH^e aTOMapHoro Bo^opo^a. ATOMapHbift Bo^opo^ yace npH 
TeMnepaType 18 - 25° C BoccTaHaBjiHBaeT no MeTajuiOB MHorHe OKCH^bi: Ag 2 O s Bi 2 0 3 , CuO, 
HgO, PbO h ap- ( CTenHH LJbctkob A. A. HeopraHHHecicaa xhmha - M.: Bbicmaa uiKOJia, 
1994, c. 191). 

CHa6>KeHHe o^Horo H3 3JieKTpo£OB HrjiaMH h Hcno;ib30BaHHe b KanecTBe ^pyroro 
3JieKTpo^a noTOKa bo^w o6ecneHHsaeT nojiyneHHe aTOMapHoro Bo^opcaa, cnoco6Horo 
BoccTaHOBHTb npaKranecKH jiio6oh 3jieMeHT H3 ero OKCH,na hjih ^pyroro coe^HHeHHa. 

JJjih peajiH3aijHH cnoco6a Heo6xo^HMoe Hanp^eHHe, noaaBaeMoe Ha 3JieKTpo^, 
cocTaBJi^eT 10 - 3000 kB. I7pH chhhcchhh Hanpa^eHH* MeHee 10 kB npouecc BbmejieHHH 
Bo^opo^a yxy^iuaeTCH, a noBbimeHHe HanpaaceHHa 6ojiee 3000 kB Heuejiecoo6pa3HO 
BCJicacTBHe 3HaHHTejibHbix 3Hepro3aTpaT. 

Cnoco6 ocymecTBJiaioT cjie^yiomHM o6pa30M. 

ripHMep 1 . Run BOccTaHOBjieHH* cepbi H3 ^biMOBoro ra3a ero nponycKaiOT MOK^y 

3JieKTpO^OM ? CHa6>KeHHbIM HrjiaMH H nO^KJIIOHeHHblM K OTpHUaTeJlbHOMy nOJIIOCy HCTOHHHKa 
TOKa H 3JieKTpOZlOM, KOTOpblH o6pa30BaH nOTOKOM BO£bI, CTeKaiOmeH no KOHHHeCKOH 

noBepxHOCTH. Ha sjieiopotf noflaiOT HanpaaceHHe 10 kB, Bo^y b cmkocth 3a3eMJiaK>T. npn 
noaane HanpaaceHHii Ha 3JieKTpoa, CHa6>KeHHbiH HrjiaMH, npoHcxo^HT BbmejieHHe aTOMapHoro 
Bo^opozia, KOTopbiH BoccTaHaBjiHBaeT cepy H3 ee OKCH^a. Boaa, o6pa3yK>maa >khakocthoh 
oca^HTejibHbiH 3jieKTpoa, cjiyacHT aKuenTopoM BOccTaHaBJiH BeMoft H3 ra3a cepbi. 

llpouecc BoccTaHOBJieHH^ cepbi npoHCxozjHT no cjieflyiomefi cxeMe: 

H 2 0 = OH" + H + 

H + + e" = H 

40H" - 4e" = Q 2 + 2H 2 Q 
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6H + SO z = H 2 S + 2H 2 0 
S0 2 + 2H 2 S = 3S| + 2H 2 0 

HJIH 

S0 2 + 4H = Si + 2H 2 0 

IlpHMep 2. fljifl BOCCTaHOBJieHHfl yrjiepojia H3 jjumoboto ra3a ero nponycKaiOT 
Me-xay 3^eKTpoflOM, CHa6>KeHHbiM HrjiaMH h noflKJUoneHHtiM k OTpHuarejibHOMy nojuocy 
HCTOHHHKa TOKa h sjieicrpoflOM, KOTopbift o6pa30BaH noTOKOM BOflbi. Ha 3JieKTpo.il no^aiOT 
HanpaaceHHe 3000 kB, Boay b cmkocth 3a3eMJiaioT. FIpH no^ane HanpaaceHHa Ha sjieicrpozi, 
CHa6aceHHHH HrjiaMH, nponcxoflHT BbweJieHHe aTOMapHoro Boaopo^a, kotopwh 

BoccTaHaBJiHBaeT ymepofl H3 ero OKCH/ja. Bona, o6pa3yiomaa hchakocthoh ocanHTejibHbift 
sjieiopofl, cjiy^cHT aKuenTopoM BOccTaHaBJiHBaeMoro yrjiepoaa. 

ripouecc BOCCTaHOBJieHHfl yrjiepo^a MoaceT npoHexoflHTb no cjieayiomHM cxeMaM: 

I.4H + CO2 = C| + 2H 2 0. 

2. C0 2 + 8H =CH 4 + 2H 2 0 
CH4 + C0 2 = 2 Ci + 2 H 2 0 
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OopMyjia H3o6peTeHHH 



CnocoG nojiyneHHH Bo,aopo,aa .zuih BOCCTaHOBJieHHH xhmhhcckhx sjicmchtoBj 
BKJiiOHaiomHH 3JieKTpoxHMHHecicoe pasnoaceHiie bo^w npH noaane pa3HOc™ ncrreHUHajioB Ha 

3JieKTpO£bI, OTJIHHaiOLIJHHCfl TeM, HTO O^HH H3 3JieKTpOZlOB COCTOHT H3 OCHOBaHHfl, 

CHa6nceHHoro HmaMH, a #pyrHM 3JieKTpo,aoM cjiy^CHT noTOK bo^bi, npH 3tom Ha ooth H3 
sjieKTpo^oB ncmaiOT Hanpa>KeHHe 10 - 3000 kB, a jspyron 3JieKTpo^ 3a3CMJiHK)T. 



